Abstract Background: Type II superior labrum anterior and posterior (SLAP) lesions could induce chronic shoulder pain and impaired movement. Current management of Type II SLAP lesions consists of two well-established surgical procedures: arthroscopic biceps tenodesis and SLAP repair. However, which technique is preferred over the other is still a controversy. Methods: We performed a systematic electronic database search on Cochrane Central Register of Controlled Trials, MEDLINE and Embase to identify articles equating superior labral repair with biceps tenodesis, which were reported before August 2017 which included the phrase "superior labral anterior posterior" or "SLAP." The randomised controlled clinical trials that met our criteria were evaluated for quality of methodology. The results obtained were further analysed and correlated to present the benefits and drawbacks comparing the two SLAP repair surgical procedures.
Introduction
The superior labrum anterior and posterior (SLAP) lesions were primarily reported by Andrews et al [1] in 1985. Later, Snyder et al [2] classified these labral tears into four subtypes. Among the four types, Type II SLAP lesion is predominantly clinically most encountered, and it is elucidated from other types by detachment of the superior labrum and biceps anchor from the superior glenoid [3] . Type II SLAP lesion can cause chronic shoulder pain and dysfunction. Current conservative management for Type II SLAP lesion includes activity modification, non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroid injection, whereas patients with symptomatic Type II SLAP lesion in whom conservative treatment failed often undergo surgical treatment. Present surgical treatment generally consists of either arthroscopic superior labral repair or biceps tenodesis.
Several studies have reported that arthroscopic SLAP repair for Type II SLAP lesions could receive significant clinical or functional improvement. For example, Brockmeier et al [4] performed SLAP repair on Type II SLAP lesion patients with an average follow-up period of 2.7 years, and forty-one patients (87%) reported the outcome as good or excellent. Similarly, Boesmueller et al [5] found that arthroscopic SLAP repair resulted in acceptable functional outcomes, and half of the patients involved in competitive sports activity were able to return to their preinjury sports levels 6 months after surgery.
However, recently, some studies have found that SLAP repair was not as successful as originally reported and was associated with postoperative stiffness, continued pain, lower rates of return to activity and failure of the labrum to heal to the superior glenoid [6] . For example, Provencher et al [7] evaluated 179 Type II SLAP repairs and found that 66 patients (37%) met failure criteria, and 50 patients (28%) elected revision surgery. Waterman et al reported a failure in 13% (n Z 31) of patients with SLAP repair, of whom six patients required revision SLAP repair and 25 patients underwent subpectoral biceps tenodesis. They demonstrated that majority of patients who underwent biceps tenodesis (76%) returned to active duty as compared with those who underwent revision SLAP repair (17%) [8] .
In view of the findings in the aforementioned studies, as an alternative to SLAP repairs, biceps tenodesis has been the favoured surgical treatment for nonathletic patients. Some advantages of biceps tenodesis over SLAP repair may include less postoperative stiffness, higher rates of return to activity and better patient satisfaction. Boileau et al [9] compared the two surgical procedures and showed that 13 patients (87%) were able to recover to initial sports level participation after biceps tenodesis compared with only 20% (2 of 10) after SLAP repair (p Z 0.01). Despite several reports, surgical management of Type II SLAP lesions is still disputed as there are several factors that could affect the surgical outcome, such as age, activity level, quality of the labral tissue and concomitant pathology [7,10e13] . Besides, there is no meta-analysis that compares the functional results among patients undergoing superior labral repair or biceps tenodesis of the isolated Type II SLAP lesions right now. Therefore, the scope of this meta-analysis is to determine whether there are discrepancies in the outcomes between biceps tenodesis and SLAP repair in treating patients with isolated Type II SLAP lesions.
Materials and methods

Search strategy
We carried out a meta-analysis of the literature with the search terms "superior labral anterior posterior" or "SLAP". A complete search of the literature in the following databases was performed: MEDLINE (PubMed) (1950 to August 2017), Embase (Ovid) (1974 to August 2017) and Cochrane (1996 to August 2017). Our inclusion criteria included outcome-based studies of isolated Type II SLAP lesions which compared superior labral repair and biceps tenodesis by using clinical or functional scoring systems. Exclusion criteria included studies that involved cadaver or animal studies, biomechanical studies, literature reviews, letters to editors, expert opinion articles, case reports or technique notes which did not contain clinical outcome-based data.
Quality assessment
The Coleman methodology score (CMS) was applied to determine the quality of the involved studies. The CMS consists of 15 items in its checklist and is scaled from 0 to 100 points. A score from 85 to 100 is considered excellent, 70e84 as good, 55e69 as fair and below 55 as poor. An overall score of 100 suggests that the study avoids chance, bias and confounding variables. The quality assessment by CMS was carried out by two independent reviewers (one orthopaedic resident and one shoulder fellow). In addition, all the results were confirmed by the senior author.
Outcome measures
The identified studies were measured and analysed for the following outcomes: patient age, return to previous sport level, reoperation, patient satisfaction, University of California at Los Angeles (UCLA) score, American Shoulder and Elbow Surgeons (ASES) score, visual analogue scale (VAS) score and postoperative stiffness. Two reviewers evaluated the literature separately, and any discrepancies were reevaluated and resolved by consensus.
Statistical analysis
A formal meta-analysis was conducted only for clinical outcome data from comparative studies using Stata 12.0 (Stata Corp LP, College Station, TX, USA). Results for continuous or categorical outcomes were reported as a mean difference or an odds ratio, respectively, with 95% confidence intervals.
Results
Literature search
A total of 2051 studies were selected after an intensive database search on PubMed (n Z 976), Embase (n Z 1050) and Cochrane (n Z 15). Of these 2051 articles, 2045 articles were excluded after title/abstracts review. Six articles that met our inclusion criteria were subsequently included after a full-text review. From these articles, one article was excluded as it reported different types of SLAP repair. Finally, five unique studies that met our study criteria were Figure 1 Flow chart summarising study profile and selection procedure.
used for this meta-analysis ( Figure 1 ). Three were retrospective cohort studies (LOE III), one was a case-control study and one was a double-blind, sham-controlled trial (LOE II) and reported from 2009 to 2017 (Table 1) .
Demographics
In our study, a total of 204 patients were analysed from the selected five studies, which included 104 SLAP repairs and 100 biceps tenodesis. Generally, no significant difference was observed in the baseline age of the patients between the cohorts (p Z 0.157, Fig. 2 ).
Surgical outcome score
Patients were clinically assessed both preoperatively and postoperatively on a number of outcome-based scores that included the UCLA score, ASES score and VAS score in the studies. The UCLA score was evaluated in 2 of the 5 studies with statistically significant improvement from preoperatively to postoperatively at the final follow-up. A standard mean difference of À0.155 (À0.615 to 0.306) was determined (p Z 0.510), implying that no significant difference was found in the UCLA score among the two cohorts (Fig. 3A) . Two studies among the five selected studies were evaluated for the ASES score. A standard mean difference of À0.024 (À0.532 to 0.483) was found (p Z 0.925). No significant difference was observed between the two cohorts for the ASES score (Fig. 3B) . The VAS score was evaluated in two studies. A standard mean difference of À0.198 (À0.311 to 0.708) was found (p Z 0.446). No significant difference was observed regarding the VAS score between the two cohorts (Fig. 3C) .
Patient satisfaction
Four studies evaluated the patients' satisfaction outcome. An odds ratio of 0.294 (0.091e0.955) was found in favour of tenodesis (p Z 0.042), thereby indicating that the patient satisfaction was significantly better in the biceps tenodesis group than in the SLAP repair group (Fig. 4) .
Return to sporting activity
Three of five studies selected had evaluated return to sporting activity between the two groups. An odds ratio of 0.170 (0.031e0.950) was measured in favour of the tenodesis group (p Z 0.044), thus indicating that the incidence of patients who postoperatively return to reinjury sports activity was significantly better in the tenodesis group than in the SLAP repair group (Fig. 5 ).
Postoperative stiffness
Postoperative stiffness was examined in three studies. An odds ratio of 2.127 (0.650e6.957) was measured (p Z 0.212). No significant difference was found in the postoperative stiffness outcome among the two cohorts (Fig. 6 ).
Reoperation
Reoperation was reported in three studies. An odds ratio of 2.698 (0.312e23.326) was measured (p Z 0.097). No significant difference was found in the reoperation rate among the two cohorts (Fig. 7) .
Discussion
Type II SLAP lesions could cause severe pain during shoulder movement, especially overhead, or when lifting objects and significantly reduce ease of shoulder range of motion (ROM) and strength. The current surgical treatments generally comprise one of two, superior labral repair or biceps tenodesis. However, which of the two procedures is preferred treatment of Type II SLAP lesion is still an active debate in clinical field. In this study, we performed a metaanalysis to determine whether there is discrepancy in the outcomes between the two procedures postoperatively. Based on study design criteria, five articles (204 patients) were selected and assessed in this meta-analysis. The results obtained imply that the prevalence of the patient satisfaction and patients who return to preinjury sports level was significantly greater in the tenodesis group than in the SLAP repair group (p < 0.05) postoperatively. As for the measures such as patient age, VAS score, ASES score UCLA score, postoperative stiffness and reoperation rates, no significant differences was found among the two cohorts, thus conforming to the results reported in the currently available literature (p > 0.05).
Friel et al reported that arthroscopic SLAP repair of Type II lesions with bio-absorbable suture anchors could significantly ameliorate shoulder functional capacity and pain relief postoperatively [14] . However, other studies have reported poor results with patient satisfaction and return of activity after SLAP repair [15e19] . In a retrospective case study, Yung et al reported that postoperative UCLA scores in patients who underwent Type II SLAP repair ranged from excellent to moderate scores in 75% of patients, whereas the remaining 25% had poor UCLA scores [20] . Also, Boileau et al reported a constant improvement in scores from 65 to 83 points in patients after SLAP repair; however, 60% (6 of 10) of the patients reported to be disappointed due to chronic pain or failure to return to initial sports activity participation level [9] . Similarly, Cohen et al also found that although SLAP repair patients had high outcome scores, patient satisfaction could not be improved past 71%. In addition, around 41% of the patients reported experiencing some extent of shoulder pain during the night [21] . These results agreed with our findings that the prevalence of the patient satisfaction and the number of patients who return to preinjury sports activity level were significantly lower in SLAP repair group than in the tenodesis group (p < 0.05).
Age is an important factor that is considered an postoperative functional outcome for isolated SLAP repairs. Neri et al first evaluated age as one of the vital factors [22] and reported good-to-excellent outcomes with higher incidences of return to initial activity level for many suitably determined patients who underwent isolated Type II SLAP repair, regardless of the patients' age. On the other hand, numerous reports have indicated that the postoperative outcomes of SLAP repairs are unpredictable, notably in aged patients [23, 24] . Provencher et al evaluated 179 SLAP Figure 6 Odds ratios for postoperative stiffness between biceps tenodesis and SLAP repair groups. SLAP Z superior labrum anterior and posterior. Figure 7 Odds ratios for reoperation between biceps tenodesis and SLAP repair groups. SLAP Z superior labrum anterior and posterior.
repair patients [7] at an average follow-up period of 40.4 months and documented that 66 patients reported failure of SLAP repair and 55 patients underwent revision surgery. Advanced age (>36 years) was a single measure, among the groups, that was associated with increased failure rate. However, in this study, we could only analyse difference in ages and reoperation rates in two groups separately, and we found that there were no significant difference in the age and reoperation rate between the two groups, which may have been due to the small number of studies and patient anticipations, were relatively small. Further prospective randomised controlled clinical studies with more patient anticipations are needed to clarify it.
Moreover, SLAP repair patients are at risk of developing postoperative stiffness, and the patients must also undergo extensive postoperative rehabilitations. Brockmeier et al reported that after SLAP repair surgery, four patients (8.5%) had observed severe shoulder stiffness. Among them, three patients achieved about 15 of the preinjury range of motion by conservative management, whereas the fourth patient had developed severe adhesive capsulitis and attained full motion after arthroscopic lysis of adhesion [4] . In our research, we found that three studies in SLAP repair and one study in tenodesis reported stiffness as the most common postoperative complication, which was resolved by conservative management such as physical therapy [25] or surgical management including capsular release [26] and tenodesis [27] . However, over long-term follow-up, there was no significant difference in incidences of postoperative stiffness between the two treatments.
In the United States, there is a decreasing trend in SLAP repair from 69.3% to 44.8%, whereas an increasing trend of incidences of biceps tenodesis from 1.9% to 18.8% was observed from 2003 to 2011 [28] . Erickson et al also studied the recent trends in SLAP repair surgeries between 2004 and 2014. They found that the total number of biceps tenodesis had significantly increased, whereas the number and relative percentage of SLAP repairs had significantly decreased over the past 10 years [29] . Furthermore, biceps tenodesis can also be used as revision treatment of failed SLAP repair. Boileau et al [9] reported that four patients with failed SLAP repairs underwent subsequent biceps tenodesis, with favourable outcomes and a full return to their previous level of sports activity. In view of this, we suggest that biceps tenodesis could be efficiently performed and achieve better outcomes in case of failed SLAP repair.
Limitations
In this study, there are a few limitations. First, the small number of studies was inducted for meta-analysis, and three of the included studies involved the use of a retrospective database. Second, comparatively small sample number of patients was available for analysis. Third, there was a lack of sufficient number of studies that focused on the outcome of biceps tenodesis in younger patients with Type II SLAP injury. These limitations could be overcome through a multicenter randomised controlled clinical study involving both older and younger patients.
Conclusions
Both the procedures, SLAP repair and biceps tenodesis, are effective in pain relief and recovery of functional activity in patients suffering from isolated Type II SLAP lesions. Compared with SLAP repair, biceps tenodesis could attain higher rate of patient satisfaction and greater number of patients could return to preinjury sports participation. In view of this, biceps tenodesis could be a preferable choice to SLAP repair, especially for failed SLAP repair patients.
Conflict of interest
All the authors declare no conflict of interest.
